To improve the utilization efficiency of gas condensate and effect the proper use of the hydrocarbon components, AKS gas condensate was separated, through the use of a fixed-bed adsorption process employing 5A molecular sieves, into the raffinate oil which is rich in non-normal hydrocarbons and the desorption oil which is rich in n-paraffins. The adsorption breakthrough curves of n-paraffins were investigated. Relative to the gas condensate, the aromatic potential content and the research octane number (RON) of the raffinate oil increased by 12.9% and by over 20 units, respectively. As a result, the raffinate oil is more suitable for use as the feedstock in the catalytic reforming process and as the blending component of high-octane gasoline. Under similar conditions, the ethylene yield of the steam cracking process using the desorption oil as the feedstock increased by 6.5% compared to the situation when the gas condensate was employed as the feedstock.
INTRODUCTION
Gas condensate is the associated product of natural gas. With more attention being paid to the exploitation of natural gas resources, the production of gas condensate is increasing year by year. At present the output of gas condensate is ca. 8.04 million barrels per day, and will reach 8.7 million barrels per day by 2010. Optimizing the utilization of gas condensate for the manufacture of high-value products provides the key to improving the economy of wet natural gas development (Zhang 2007) .
Gas condensate is usually used for (1) producing naphtha through distillation for use as a chemical feedstock or solvent; (2) as the feedstock of the steam cracking process to produce ethylene; (3) for producing automobile gasoline (Zhu 2003a,b) ; (4) for reforming feedstocks to produce benzene, toluene and xylene (Choudhary et al. 2000; Mériaudeau et al. 2000) ; and (5) for producing special chemicals such as isobutene, cis-butenedioic anhydride (maleic anhydride), butanediol, etc. (Qian and Xia 1995) .
The majority of commercial plants for processing gas condensate are distillate towers. The naphtha fraction is commonly used as the feedstock for the catalytic reforming process, while the light diesel fraction is used as the feedstock for the steam cracking process (Li et al. 2002) . The existing process route is not satisfactory either in working depth or product value. Hence, the utilization efficiency of gas condensate is relatively low.
According to molecular-scale management, n-paraffins should be separated from the gas condensate and used as a high-quality feedstock in the cracking process; the remainder (mainly iso-paraffins, cyclanes and aromatics) can be used as a high-quality catalytic reforming feed or as the blending component of high-octane gasoline.
Shape-selective adsorption onto 5A molecular sieves provides an economical and effective method for separating n-paraffins from the gas condensate in the steam cracking process (Silva et al. 2000) , the raw material constituting ca. 60-80% of the total cost (Wang and He 2000) . The yield of ethylene is greatest when the separated n-paraffins are used as the cracking feedstock (Yuan 1994). On the other hand, decreasing the n-paraffins content of the catalytic reforming feedstock improves the yield of aromatics and evidently reduces the severity of the reaction conditions (Speight and Ozum 2002) . However, although studies of the separation of n-paraffins from gas condensate have been mainly concerned with the adsorption mechanism, product description which would have been helpful to the project programming of gas condensate utilization has been lacking. In the present study which is mainly concerned with AKS gas condensate, the adsorption behaviours of multi-component systems are discussed. In addition, the properties and potential uses of the desorption oil and the raffinate oil have been investigated.
EXPERIMENTAL

Adsorption/desorption process
A fixed-bed adsorber was employed in the adsorption/desorption process with the gas condensate passing through the bed in the gaseous phase. The adsorbed hydrocarbons, which were desorbed 524
Ji -chang Liu et al./Adsorption Science & Technology Vol. 26 No. 7 2008 Intermediate oil counter-currently, are referred to as the desorption oil. The flow chart for the system is depicted in Figure 1 . The retained feed in the bed was collected in the intermediate oil tank.
Steam cracking process
The gas condensate and the desorption oil from the adsorption process were used as the respective feedstocks for the steam cracking experiments. The flow chart for the steam cracking equipment is depicted in Figure 2 . The cracking feeds were vaporized and mixed with the diluting steam. After being heated in the pre-heater, the oil/steam mixture was subsequently cracked into small molecules by heating in the furnace tube. The cracking products were quenched and separated into the corresponding gaseous and liquid phases. The volumes of both phases were measured and their contents analyzed.
Feedstock and reagents
The feedstock used in the adsorption experiments was AKS natural gas condensate from the gas field in Akesu, Xinjiang Province, P. R. China. The PONA composition and the n-paraffins 
RESULTS AND DISCUSSION
Breakthrough curves of n-paraffins
Gas condensate containing 47.06% n-paraffins passed through the zeolite bed after being vaporized, the n-paraffins being adsorbed in the micro-channels of the 5A molecular sieves. With increasing feed time, the adsorption mass-transfer front of the n-paraffins gradually moved forward and finally penetrated the zeolite bed. Figure 3 shows the breakthrough curve for the total n-paraffins at a temperature of 300ºC and a space velocity of 50 h -1 , from which it will be seen that the breakthrough time was 20 min. 526 Ji -chang Liu et al./Adsorption Science & Technology Vol. 26 No. 7 2008 The corresponding breakthrough curves for the individual n-paraffins are depicted in Figure 4 . This figure shows that the breakthrough times for the long-chain n-paraffins were greater than those for the short-chain n-paraffins, indicating that 5A zeolite exhibits a greater ability towards the adsorption of long-chain n-paraffins. The low carbon number n-paraffins occupying the micro-channels of 5A zeolite can be partly replaced by n-paraffins with higher carbon numbers. This roll-up phenomenon (Yang 1987) can be observed in the adsorption breakthrough curves of the low carbon number n-paraffins. This means that the n-paraffins concentration in a certain segment of raffinate oil will be higher than that in the feedstock because of the displacement effect. In order to obtain raffinate oil with a low n-paraffins content, the feed should be stopped when n-butane penetrates the bed. The adsorption process will then switch to the desorption process.
Raffinate oil as the feedstock for the catalytic reforming process
The adsorption process was carried out in a well-desorbed bed. At a temperature of 300ºC and a space velocity of 50 h -1 , the yield of raffinate oil was 51.5% while the n-paraffins content was 0.75%. The composition of the raffinate oil is listed in Table 3 .
The potential aromatic contents of AKS gas condensate and the raffinate oil from the adsorption separation process are listed in Table 4 . The potential aromatic content of raffinate oil was 12.9% greater than that of the gas condensate. When raffinate oil rather than the gas condensate is used as the feedstock for the catalytic reforming unit, it is expected that the aromatic yield could be increased above 40% without any modification of the existing equipment and operating conditions. , n-butane; ᮀ, n-pentane; ᭝, n-hexane; ᭺, n-heptane; ؋, n-octane; ᭡, n-nonane; ଙ, n-decane.
Raffinate oil as the blending component of high octane gasoline
The calculated octane numbers for the gas condensate and raffinate oil, using the simulation method (Zhang and Sun 1999) according to the compositions, are listed in Table 5 . Relative to the gas condensate, after the removal of n-paraffins the octane number of the raffinate oil evidently improved. The research octane number (RON) of the raffinate oil increased by over 20 units and attained a value of 96. The densities of the AKS gas condensate and the raffinate oil were 683 and 704 kg/m 3 , respectively. The ASTM distillation curves for AKS gas condensate and the raffinate oil are shown in Figure 5 . The distillation range of the AKS gas condensate was 50-120ºC, indicating that the AKS gas condensate was lighter than gasoline. The distillation range of the raffinate oil was close to that of gasoline because the high contents of n-pentane and n-hexane were removed. In summary, in terms of octane number, density and distillate range, the raffinate oil is more suitable as a blending component for high-octane gasoline compared to the gas condensate.
Desorption oil as the feedstock for the steam cracking process
The yield of desorption oil rich in n-paraffins was over 44.1% in the laboratory-scale adsorption bed, and the total yield of the raffinate oil and the desorption oil was 96.6%. The major loss arose from n-paraffins that were not condensed in the nitrogen gas desorbent. If the nitrogen gas was recycled for repeated use in the commercial unit, the product yield could be further increased. The n-paraffins content in the desorption oil was > 98.2%; its composition is listed in Table 6 . Under the experimental conditions employed (furnace outlet temperature = 850ºC, residence time = 0.4 s, steam/oil ratio = 0.6), which were close to those of a commercial unit, the laboratory cracking unit running on naphtha gave similar ethylene, propylene and butadiene yields to those obtained from commercial units. The similarities in olefin yields indicate that the experimental unit is reliable for the evaluation of the cracking performance of the gas condensate and the desorption oil.
It can be seen from the data listed in Table 7 that the ethylene yield increased from 29.5% when the desorption oil was used as the feedstock to a value of 36.0% when the gas condensate was employed as the feedstock. The corresponding yield of the three olefins (ethylene, propylene and butadiene) increased from 52.1% to 55.7%. It is evident that higher ethylene, propylene and butadiene yields will be achieved when the desorption oil is used instead of the gas condensate as the steam cracking feedstock.
The data listed in Table 8 show that employing the light diesel fraction as the steam cracking feed in preference to the gas condensate led to an increase of 0.90% in the ethylene yield and of 0.79% in the yield of the three olefins (Li et al. 2002) . Hence, the economy of the distillation process under these circumstances showed little change. The adsorption process shows an evident advantage in both efficiency and economy compared to the distillation process.
CONCLUSIONS
The following conclusions arise from the study reported:
1. AKS gas condensate can be separated into the raffinate oil which is rich in non-nhydrocarbons and the desorption oil which is rich in n-paraffins through the use of an adsorption process employing 5A molecular sieves. The content of n-paraffins in the desorption oil can attain values of over 98.2%. 2. The potential aromatic content of the raffinate oil was 12.9% higher than that of the gas condensate feed, indicating that it could be used as the premium catalytic reformer feedstock. In addition, the RON of the raffinate oil increased by over 20 units and reached a value of 96, indicating that it could be used as the blending component of high-octane gasoline. 3. Using the desorption oil as the feedstock, the ethylene yield of the steam cracking process was increased by 6.5% relative to that observed with the gas condensate feed under similar conditions. 4. If the n-paraffins are separated from the non-n-hydrocarbons contained in the gas condensate, the desorption oil rich in n-paraffins can be used as a steam cracking feedstock and the raffinate oil without n-paraffins can be used as a catalytic reformer feedstock or a blending component for high-octane gasoline. As a result, the utilization efficiency of the gas condensate can be dramatically improved.
